In humans, there is evidence that the physiological cost to the mother of bearing sons is greater than of bearing daughters. Parents should manipulate the sex of offspring born in response to resource availability to maximize their reproductive success. Here, we demonstrate that, within a rural foodstressed community in southern Ethiopia, there is a strong association between the sex of the most recent birth and maternal nutritional status, measured either by body mass index or mid-upper arm muscle area (AMA) (measures of fat and muscle mass). The effect of muscle mass is very marked: those women in the upper 25th percentile of AMA were more than twice as likely to have had a recent male birth than those in the lowest 25th percentile.
INTRODUCTION
In humans, there is evidence that the physiological cost to the mother of bearing sons is greater than of bearing daughters (Marsal 1996; Mace & Sear 1997; Loos et al. 2001) , which may lead to shorter maternal lifespans after male birth (Beise & Voland 2002; Helle et al. 2002) . Malnourished males suffer higher intra-uterine and infant mortality than females (Wells 2000) , grow into adults of short stature (Barker 1992) who may be more disadvantaged in finding mates (Phillips et al. 2001) , thereby experiencing lower reproductive success in both modern and traditional populations (Hill & Hurtado 1996; Pawlowski et al. 2000; Mueller & Mazur 2001) . Parents should manipulate the sex of their offspring in response to resource availability in order to maximize their reproductive success (Trivers & Willard 1973) . Experimental and observational animal studies have demonstrated a facultative adjustment in sex ratio at birth in response to maternal physical condition (Rivers & Crawford 1974; Clutton-Brock & Iason 1986; Nager et al. 1999) ; however, there is no clear supporting evidence from human populations. There is some evidence that male foetuses are more susceptible to exposure to toxic substances, but results on the effect of maternal nutritional condition on sex ratio are inconclusive (Lazarus 2002) .
Here, we demonstrate that, within a rural food-stressed community in southern Ethiopia, there is a strong association between the sex of the most recent birth and maternal nutritional status, measured either by body mass index ( with sex ratio but the effect of muscle mass is very marked: those women in the upper 25th percentile of AMA were more than twice as likely to have had a recent male birth than those in the lowest 25th percentile.
MATERIAL AND METHODS
Demographic and anthropometric data for the analyses were collected from an Oromo agro-pastoralist community in Arsi zone, southern Ethiopia, during the dry season in 2000. The region suffers from irregular rainfall, and during 1999-2000 this resulted in widespread crop failure and acute food shortages (USAID-FEWS NET 2000). About 20% of adult females suffered from chronic energy deficiency (BMI less than 18.5). A birth-history calendar recording the monthly timing of reproductive events over the 5 years preceding the interview was collated for 324 married women below 50 years of age. Each woman was also measured for height, weight, mid-upper arm circumference and triceps skinfold thickness. Figure 1 shows the relationship between AMA and the sex of the most recent birth. Multivariate logistic regression analyses identified that maternal AMA was very significantly correlated with the sex of the last child (b = 0.08, s.e. = 0.02, p = 0.0005), whereas the mother's age, parity, year of birth and the time lapsed between the birth and anthropometric measurement (within 5 years) had no effect. A similar result was identified when either maternal BMI (b = 0.167, s.e. = 0.06, p = 0.005) or mid-upper arm circumference (b = 0.187, s.e. = 0.06, p = 0.001) were used as the measure of nutritional status; however, there was no independent effect of height. AMA, mid-upper arm circumference and BMI are all highly correlated in this population, where the majority of individuals carry rather little body fat. Overall, fewer males were born during the study period (sex ratio: 0.88), which may imply male-biased foetal loss. Males also had a higher monthly risk of dying than the females during childhood (below 5 years of age) (b = 0.457, s.e. = 0.22, p , 0.05).
RESULTS

DISCUSSION
The few studies of the relationship between nutritional deficiencies and sex-ratio biasing in humans have not found consistent evidence of an association (Williams & Gloster 1992; Andersson & Bergstrom 1998) . This may be partly because they have used BMI as a measure of maternal condition. In most adequately nourished populations, because BMI reflects both fat and muscle mass, this measure cannot differentiate between women who are fat and those who are muscular. Stresses to the foetus in well-nourished populations are shown to be related not to maternal malnutrition but to other aspects of socioeconomic and health status, such as obesity (Andersson & Bergstrom 1998) , smoking (Fukuda et al. 2002) or environmental pollution . However, our results indicate that in a human population subject to periodic severe food shortages and high physical workloads, there is marked facultative sex-ratio adjustment by mothers in relation to their physical strength. 
